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ABSTRACT

The successful synthesis of halogenated polyurethane resins for laminating
is reported. The test results indicate that halogen groupings in a polyurethane
resin, tend to increase the thermal stability of the resulting laminate and to
increase the pot-life of the resin.

Future efforts will be directed toward improving stability above 300*F
of the polyurethane structural laminate.

A patent pertaining to the technique of formulating polyurethane resins
has been allowed to W. A. P. Bonanni. This patent will be issued soon.
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I. INTMODUCTION

A. This is the final report under problem assignment C 09 RMA 31-1,
WEPTASK RRMA 03 017/200 I/RO07 04 01 which was authorized by reference (a).
Early experimentation (references (b), (c), (d) and (e)) indicated that the
formulation of a polyurethane resin suitable for preparing a reinforced
laminate was feasible. Also, that 2-butene-l,4-diol when reacted with 2,4-
tolylene-diisocyanate (TDI) produced the best physical properties in a poly-
urethane structural laminate. This study pertains to the reaction of
halogenated diols with TDI, to increase the pot-life of the polyrethane
resin, and to increase the thermal stability of the strcrural laminates.
This work vas performd between February 1960 and February 1963.

II. SU*DARY OF RESULTS

A. Improved flexural modulus properties at elevated temperatures have
been attained with the use of halogenated groupings in the polyurethane
resins. The physical properties of these structural laminates could be
improved with further experimentation.

B. The pot-life, a problem with un-halogenated diols, is extended to
several days with the use of halogenated diols.

I
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III. COCLUSIONS

A. The thermal stability of a structural laminate, increases with the
use of halogenated diols. Further improvement can be made by varying the
concentration of TDI and Nacconate 200. Although the flexural properties
do not appear to be significantly high, they must not be considered as the
laminate's ultimate flexural strength. In order to determine their ultimate
flexural strength, a study must be made to determine the temperature, pressure
and time of lamination.

B. The pot-life of a polyurethane resin can be extended by modifying

the chemical structure of the experimental resin using halogenated diols.

IV. RECOUNDATIONS

A. It is recommended that a new problem assignment be established to:

1. Determine optimum laminating parameters of a halogenated diol
and a diisocyanate resin which will give superior physical properties in a
structural laminate.

2. Ascertain if a peroxide will increase cross-linking in the
unsaturated polymers.

3. Determine the molecular weight of a polyurethane resin.

4. Study the physical properties of structural laminates formulated
with varying amounts of:

a. 2, I-tolylene-diisocyanate

b. 2-butene-l,4-diol

c. Halogenated diols

d. 3,3'1-bitolylene-4 , 4'-diisocyanate and 3,3'-dimethyldiphenyl-
methane and the laminating parameters (temperature, pressure and time).

I



REPORT NO. Awc AmL 1636 iv

TABLE OF CONTENTS

PAGE

INTRODUCTION -------------------------------------------------- ii

SUMMARY OF RESULTS ----------------------------------------- i-

COELUSIONS- - ---------------------------------------------- i--

RECOM•HMDATIONS ----------------------------- --------- i -

LIST OF PLATES ------------------------------------------------- v, vi

DESCRIPTION, METHODS, RESULTS -I---------------------------------- 1, 2

REFERENES ---------------------------------------------------- 3



REPORT NO. WAC AML 1636 v

LIST OF PLATES

1. Sou~rce of materials (*F)

2. Melting points uswing IKoffler Hot Stage

3. Flexural Data for Hexafluoropentane Diol (HFPD) and 2,14-tolylene-
dii socymnate (TDI), Tested at Room Temperature

Ii. *Flexural Data for Hexafluoropentane Diol (BFrD) and 2, 1 1-tolylene-
diisocyanate (TDI), Tested at 2OO07 after Exposure to 200*7 for 1/2 hour

5. Flexural Data for Dibromobutene, Diol (DBED) and 2,1i-tolylene-diisocyana~te
(TDI), Tested at Roos Temperature

6. Flexural Data for Dibromobutene Diol (DEED) and 2,~4-tolylene-diisocyanate
(TDI), Tested at 200*F after Exposure to 200*F for 1/2 hour

7. Flexural Data for Hexafliioropentane Diol (EFP), Nacconate 200 and
2,I4-tolylene-diisocyanate (TDI), Tested at Room Temperature

8. Flexural Data for Hexafluoropentane Diol (EMP), Nacconate 200 and.
2,1 I-tolylene-diisocyanate (TDI), Tested at 200*7 after Exposure to
200"F for 1/2 hour

9. Flexural Data for Dibromobutene Diol (DEED), Nacconate 200 and 2., 4-tolylene-
dii mocyanate (TDI),, Tested at Room Temperature

10. Flexural Data for Dibromobutene Diol (DEED),, Nacconate 200 and 2,1k-tolylene-
diisocyanate (TDI),, Tested at 200*7 after Exposure to 200F7 for 1/2 hour

11. Flexural Data for Dibromobutene Diol (DEED), Nacconate 300,. and 2,II-tolylene
diisocyanate, Tested at Room, Temperature, and 200*7 after Exposure to
200*F for 1/2 hour

12. Flexural Strength in Bending vs. Diisocyanate Concentration (2.,i-tolylene-
d~iisocyanate)( Hexafluoropentane Diol)

13. Modulus of Elasticity in Bending vs. Diisocyanate Concentration
(2I.4-tolylene-diisooyanate), (Hexafluoropentane Diol)

14e. Flexural Test in Bending vs. Diisocyanate Concentration (2,1&-toiylon.-
diisocyanate), (Dibromobutene Diol)

15. Modulus of Elasticity in Bending vs. Diisocyma.-te Concentration
(2,.4-tolylene-diisocyanate), (Dibromobutene Diol)

16. Flexural Strength in Bending vs. Diisocyanate Concentration (lacconate
200 and 2,il-tolylene-diisocyanate),, (Hexafluoropentane Diol)



REPOT NO- IC AM.L 1636 vi

LIST OF PLATES

17. Modulus of Elasticity in Bending vs. Diisocyanate Concentration
(Nhconate 200 and 2,4-tolylene-diisocyanate), (Kexafluoropentane Diol)

18. Flexural Strength in Bending vs. Diisocyanate Concentration
(Ncconate 200 and 2,4-tolylene-diisocyanate), (Dibromobutene Diol)

19. Modulus of Elasticity in Bending vs. Diisocyanate Concentration
(Nmcconate 200 and 2,4-tolylene-diisocyanate), (Dibromobutene Diol)



REPORT NO. Nw An 1636 1

V. DESCRIPTION, )MHODS, RESULTS

A. Description

1. Materials used in this investigation were obtained from sources
shown in Plate 1. All the materials reported herein are new to the investi-
gation of polyurethane resins with the exception of TDI and 2-butene-l,4-diol.

B. Method

1. The reactants used in the formulation of the polyurethane resins
reported herein are TDI, lacconate 200 (3,3'-bitolylene-4,i4'-diisocyanate,
Nacconate 300 (diphenylmethane-4,,I'-diisocyanate), 2-butene-l,4-diol, mpD,
DUBD and tetrachlorobutane diol (TCDB).

2. A study of the melting points of halogenated polyurethane resins
using the Koffler Hot Stage (Plate 2) vas used to indicate the thermal
stability of the resin. These softening points indicated that the physical
properties of the structural laminate should be investigated at elevated
temperatures. These results are reported in Plates 3 to 11 and graphically
presented on Plates 12 to 19. Tests for the evaluation of melting points
were performed in accordance with WADC Technical Report 56-399 under the
title "Test Methods for Estimation of Thermal Behavior of Polymers."

3. All the structural laminates were prepared using 181 Volan A
glass cloth. The laminates were cured at 30 psig and 300*F for 30 minutes
and post cured at 158*F for 16 hours. Flexural strength and flexural moduli
tests were utilized as a screening measure to compare the different poly-
urethane formulations; also, to make a comparison of the polyurethane resins
at room temperature and elevated temperatures (200F). The flexural proper-
ties were conducted in accordance with Test Method Standard No. 406, Plastics:
Method of Testing.

C. Results

1. An examination of the melting points, using the Koffler Hot
Stage, indicates that as the solar concentration of TDI is increased and
the alkene diol (2-butene-l,i4-diol) is kept constant, the softening points
of the resins increase to a maximum of 226OF with a molar construction of
1.2 moles of TDI. But when a halogenated diol is substituted for the alkene
diol, the softening point increases steadily with the addition of more TDI.
The softening points become more significant when polyurethane resins are
synthesized using TDI, halogenated diols and Nacoonate 200. These resins do
not soften, but begin to carbonize at 572*F. The results are tabulated and
shown on Plate 2.
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2. An examination of the flexural values at room temperature,
(Plates 3, 5, 7, 9, and 11 to 19) and at 200*F after being exposed to 2OOF
for 1/2 hour (Plates 4, 6, 8, and 10 to 19) indicates that although some
formulations show temperature stability, there are indications that the
laminating parameters (curing temperature, pressure and time) used in this
study are not the optima for the laminates. On Plates 3, 11 and 12, the
data show extremely low flexure values for a polyurethane resin using 1.0
mole of IFPD and 1.0 mole of TDI; but, with the increase of only a 0.10 of
soje of TDI, a flexural value of 90,100 psi and flexural modulus of 4.07 x
10 0 is obtained. When exposed to 200*F for 1/2 hour and tested at 200*F
(Plates 4, 11 and 12) a loss of more than 70% of the flexural strength is
seen and a loss of only 10% of the flexural modulus. On Plates 5, 13 and
14, using 1.0 mole of DDED and 1.1 mo es of TDI a flexural strength of
93,900 psi and a modulus of 4.24 x 100 psi is obtained. When exposed to
200*F for 1/2 hour and tested at 2000F (Plates 6, 13 and 14) a loss of less
than 3% is found in the flexural strength and a loss of approximately 5%
in the flexural modulus. These values substantiate the theory that when
halogenated diols are used, the thermal properties can be increased.

3. The pot-life of polyurethane resins is extended to several days
when halogenated diols are used. In the formulation using MHFD and TDI,
the resulting polyurethane resin remins a liquid for several days provided
the resin is placed in an air-tight container free of moisture. The formula-
tions using DBBD and TDI form a polyurethane resin which solidifies in 2 to
3 hours after synthesis but can be poured as a hot melt, provided the temper-
ature of the resin is mintained between 190OF to 2050F. Formulating ThI
with KFPD and DBUD and various concentrations of Nacconate 200 yielded resins
having a pot-life of less than one hour. Formulating TDI with DUD and
Nacconate 300 yielded a resin which had a pot-life of approximately one-
half hour. Once these resins are polymerized, they cannot be reheated to a
melt.
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SOURCES OF MATERIALS

Compound Source

2,4-Tolylene-Diisocyanate E. I. duPont de Nemours & Co., Inc.
Wilmington 98, Delaware

3,3 '-Bitolylene- 4 ,4 '-Diisocyanate National Aniline Division
Allied Chemical & Dye Corporation
40 Rector Street
Nev York 6, New York

Diphenylmethane- 4 , 4 '-Diisocyanate Same

2-Butene-l,4-Diol General Aniline & Film Corporation
Commercial Development Departmnt
435 Hudson Street
New York 14, New York

Hexafluoropentane Diol Harker Chemical Corporation
Niagara Falls, New York

Tetrachlorobutane Diol General Aniline & Film Corporation
Coinrcial Development Department
435 Hudson Street
New York 14, New York

Dibromobutene Diol Same

PLATE 1
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MELTING POINTS USING KOFFLER HOT STAGE ('F)

Moles of Softening Initial Complete
Sample TDI(i) 2BI4D(2) --- Point Flow Melt

1 1.0 1.0
2 1.1 1.0 212 230 473
3 1.2 1.0 248 293 426
4 1.3 1.0 226 248 392

TDI RypD(3)

1 1.0 1.0 --- 381 419
2 1.1 1.0 241 284 3140
3 1.2 1.0 248 401 473
4 1.3 1.0 365 388 410

TDI DBBD ( 4 )

1 1.0 1.0 203 214 221
2 1.1 1.0 207 234 273
3 1.2 1.0 248 374 410
4 1.3 1.0 --- --- -

TDI _(5)

1 1.0 1.0 347 392 424

Nacconate
TDI 200 HFPD

1 1.0 0.5 1.5 158 169 190
2 0.75 0.75 1.5 255 324 Charred at

572
3 0.50 1.0 1.5 243 266 302

hacconate
TDI 200 DBOD

1 1.0 0.050 1.5 ------ Sample Charred at 572 ------
2 0.75 0.75 1.5 262 313 360
3 0.50 1.0 1.5 257 293 Charred at

477

NOTES: (1) TDI - 2,4-Tolylene-Diisocyanate
- (2) 2B14D - 2-Butene-l,4-Diol

(3) UFPD - Hexafluoropentane Diol
(4) DBBD - Dibromobutene Diol
(5) TcBD - Tetrachlorobutane Diol

PLATE 2
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FLEXURAL DATA FOR RELAFLUOROPERTANE DIOL (HFPD)
AND 2,4-TOLYLNNZ-DIISOCYAXATE (TDI)

Ultimate Flexural
Spec. Moles Width Thick. Load Strength E x 10-6

No. TDI ~'D (in.) (in.) (lbs.) (psi) Avg (psi) Avg.

1 1.0 1.0 0.498 0.124 56 21,904 -- No Results--
2 0.513 o.124 53 20,126
3 0.502 0.125 54 20,690
4 0.509 0.123 52 20,312
5 0.516 0.124 52 19,623 20,500

1 1.1 1.0 0.500 0.088 115 89,600 4.20
2 0.499 0.087 115 91,000 4.17

..3 0.497 0.090 120 89,300 3.92
4 0.050 0.088 116 90o,400 4.11
5 0.498 0.089 118 90,100 90,100 3.97 4.07

1 1.2 1.0 0.515 0.089 116 85,500 4.32
2 0.516 0.o88 114 86,200 4.48
3 0.528 0.089 123 88,500 4.26
4 o0.521 0.090 122 86,700 4.14
5 0.517 0.090 118 84,500 86,300 4.29 4.30

1 1.4 1.0 0.530 0.103 19 8,407 -- No Results--
2 0.505 0.111 18 8,696
3 0.510 0.110 18 8,752
4 0.510 0.112 13 6,113
5 0.509 0.111 13 6,903 7,800

PLATE 3
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FLEXmuAL DATA FOR HEmLUOROPENTAR DIOL (HFPD)
AMD 2,4-TOLYLENE-DIISOCYANATE (TDI),

TESTED AT 200F AFTER EXPOStME TO 200*F FOR 1/2 HOUR

Ultimate Flexural
Spec. Moles Width Thick. Load Strength B x 10-6

No. TDI HFPD (in. ) (in.) (lbs.-) (psi) Avg. (psi) Avg.

1 1.0 1.0 ------------ Not Tested Because of Delamination ------------
2

"3
4
5

1 1.1 1.0 0.502 0.087 32 25,100 ---
2 0.512 0.090 39 28,200 3.43
3 0.495 0.089 35 26,800 3.55
4 0.503 0.088 36 27,900 3.59
5 0.500 0.089 34 25,800 26,800 3.43 3.-50

1 1.2 1.0 0.530 0.090 52 36,400 2.95
2 0.527 0.090 49 34,4w0 3.35
3 0.512 0.088 43 32,700 3.77
4 0.518 0.089 46 33,700 3.70
5 0.519 0.088 44 33,000 34,100 3.87 3.49

1 1.4 1.0 ------------ Not Tested Because of Delamination -------------
2
3
4
5

PLATE 4
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FLEXURAL DATA FOR DIBROMOBUTIEE DIOL (DUBD) AND
2,4-TOLYILE-DIISOCYANATE (TDI) TESTED AT ROOM TEMPERATURE

Ultimate Flexural
Spec. Moles Width Thick. Load Strength E x 10-6
No. (in.) (in. ) (lbs.) (psi) , (psi) Avg.

1 1.0 1.0 0.512 0.123 95 59,200 3.95
2 0.501 0.123 95 56,900 3.66
3 0.511 0.123 95 58,000 3.75
4 0.497 0.123 98 63,000 3.90
5 0.513 0.123 88 54,800 58,4W0 3.97 3.85

1 1.1 1.0 0.495 0.095 14o 94,200 4.23
2 0.520 0.098 154 92,600 4.08
3 0.511 0.098 150 91, 6oo 4.23
4 0.495 o.o94 139 95,600 4.41
5 0.522 0.097 155 94,700 93,900 4.23 4.24

1 1.2 1.0 0.526 0.101 101 56,400 3.75
2 0.506 0.096 93 59,900 4.03
3 0.528 0.097 105 63.,500 4.08
4 0.519 0.100 90 52,000 3.97
5 0.532 0.101 93 51,400 56,700 3.92 3.95

1 1.3 1.0 0.507 0.100 58 34,800 3.30
2 0.525 0.096 61 38,200 3.47
3 0.486 0.096 55 36,900 3.95
4 0.504 0.095 67 44,300 3.90
5 0.505 0.098 63 43,100 39,500 3.77 3.68

PLATE 5
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FLEXURAL DATA FMR DI0ROMOB3TEME DIOL (DBBD) AND
2,4-TOLYLE-DIISOCYANATE (TDI),

TESTED AT 200*F AFTER EXPOSRE TO 200F FOR 1/2 HOUR

Ultimnate Flexural
Spec. Moles Width Thick. Load Strength E x 10-6

No. •.D.•. D (in. (in.) (lbs.) (psi) Avg. (psi) Avg.

1 1.0 1.0 0.500 0.097 87 55,500 3.85
2 0.497 0.097 84 54,000 3.90
3 0.514 0.u98 79 48,100 3.64
4 o.499 0.096 94 58,900 4.03
5 0.489 0.097 87 56,700 54,6o0 4.08 3.90

1 1.1 1.0 0.518 0.094 112 69,000 4.14
2 0.514 0.095 1o4 67,400 4.14
3 0.525 0.098 1.7 69,600 3.64
4 0.528 0.097 121 73,900 4.11
5 0.510 0.098 116 71,000 70,o200 3.90 3.99

1 1.2 1.0 0.519 0.099 108 63,600 3.77
2 0.503 0.099 93 56,600 3.95
3 0.517 0.096 102 64,300 3.80
4 0.523 0.097 103 62,800 3.92
5 0.530 0.102 113 61,500 61,800 3.35 3.76

1 1.3 1.0 0.500 0.100 59 35,400 3.97
2 0.495 0.099 62 38,400 3.85
3 0.498 0.095 78 52,200 4.32
4 0.504 0.095 77 50,900 3.97
5 0.518 0.098 78 47,100 44,700 3.70 3.96

PuT 6
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FLEXURAL DATA FO •MUAL•OPERIM DIOL ("MPD), NACCONATE 200 AMD
2,4-TOLYLEME-DIISOCYANATE (TDI) TESTED AT ROOM T ATURE

Ultimte Flexural

Spec. Moles Width Thick. Load Strength E x 10
No. TDI D (in.) (in.) (lbs.) (psi) Avg. (psi) Am

1 1.0 1.5 0.5 0.532 0.073 42 414,I00 3.97
2 0.530 0.075 43 43,300 3.70
3 0.533 0.073 38 40,100 3.80
4 0.536 0.075 42 41,700 3.55
5 0.532 0.072 38 37,100 41,300 4.03 3.81

1 0.75 1.5 0.75 0.507 0.085 63 51,800 4.41
2 0.513 0.085 65 52,800 41.05
3 0.513 0.086 72 56,800 3.97
4 0.519 o.o84 66 57,900 4.23
5 0.514 0.085 62 50,300 53,900 4.00 4.13

1 0.5 1.5 1.0 0.473 0.087 50 41,900 3.68
2 0.472 0.087 53 44.,500 3.73
3 0.471 0.089 51 41,000 3.69
1 0.474 0.090 53 41,,40 3.77
5 0.471 0.087 50 42,100 42,200 3.62 3.70

PLATE 7



BIPT NO. NAI AML 1636

FLZIUMAL DATA FM HECUALUOPZ0TAN DIOL ("n'P), NACCONATE 200 AND
2s1-TOLMLEU-DIISOCYANATE TZSTZD AT 200*F ArM ECPOSM3 TO 200°F FM 1/i320i

WUltimate Flexural

Spec. Moles Width Thick. Load Stret E x i 6

No. TDI0 ( (in.) (lbs.) (pali) Av. (psi) Avg.

1 1.0 1.5 0.5 0.539 0.075 7 6,900 --No Reults--
2 0.536 0.072 8 8,600
3 0.533 0.075 7 7,000
4 0.532 0.071 6 6,700
5 0.526 0.077 7 6,700 7,200

1 0.75 1.5 0.75 0.-85 0.084 14 12,300 -- No Results--
2 0.519 0.085 22 17,600
3 0.515 0.o86 17 13,o00
4 0.509 o.0o8 21 17,,500
5 0.517 0.085 21 16,800 15,500

1 0.50 1.5 1.0 0.473 o.089 9 7,200 -- so Results--
2 0.471 0.096 12 9,o400
3 0.470 0.089 14 11,300
4 0.1470 0.087 15 12,600
5 0.470 0.087 15 12,600 10,600

1
PLATE 8

1
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FLMUtAL DATA FO DIONO ZU, DIOL (DUD), FACCOIATI 200, AID
2,4-TOLYNIU-DIISOCYANATZ (TDI) TESTIN AT ROOM TXNPIRATM

Ultimate Flexural -
Spec. Moles Width Thick. L6ad Strenghz x 10.1

No. TDI DDDD 200 (in.) (in.) (lbs.) (psi) Avg. (psi)

1 1.0 1.5 0.5 0.468 0.096 80 55,700 3.55
2 o.468 o.o96 78 54,300 4.01
3 0.465 0.097 73 50,000 3.57
4 0.469 0.096 83 57,6o0 3.62
5 0.465 0.096 80 55,900 54,700 3.64 3.68

1 0.75 1.5 0.75 0.475 0.093 55 40,100 3.72
2 0.485 0.095 53 36,00 3.69
3 o.487 0.096 58 38,800 3.55
4 0.470 0.093 57 42,000 4.o6
5 0.477 0.093 57 )4l,00 39,700 3.79 3.76

1 0.5 1.5 1.0 0.508 0.o96 66 42,300 3.60
2 0.508 0.097 65 40o,800 3.76
3 0.509 0.095 65 42,500 3.71
4 0.516 0.088 60 45,1oo 4.30
5 0.509 0.099 66 39,700 42,10o 4.70 4.01

PI.AT 9
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FLEXURAL DATA FOR DIE0NOEBUT DIOL (DUD), EACCO'ATE 200 AND
2,j1-TOLYLEM-DIISOCYANATI TESTD AT 200eF

Ar EXP0Sm TO 2007F FR 1/2 NOW

Spec. oles Utimate Flexural -

Spec. Moles Width Thick. LO" Strenh I ix 6

No. ~TDI ID 20 (in.) (in.) (lbs.) ks) Avg. (psi) Avg.

1 1.0 1.5 0.5 o.469 0.096 80 55,600 3.25
2 0.465 0.096 72 50o,400 3.40
3 0.468 0.094 78 56,500 3.67
4 O.116 0.095 79 56,600 3.47
5 0.469 0.097 78 53,100 54,-00 3.35 3.43

1 0.75 1.5 0.75 0.486 0.098 59 39,500 3.48
2 0.482 0.096 57 38,500 3.45
3 0.475 0.096 58 39,700 3.85
4 0.1469 0.096 55 38,200 3.54
5 0.471 0.095 56 39,500 39,100 3.72 3.61

1 0.5 1.5 1.0 0.513 0.095 58 37,600 3,20
2 0.516 0.094 57 37,500 3.50
3 0.505 0.098 60 46,800 3.21
4 0.508 0.098 58 35,600 3.06
5 0.511 0.097 54 33,700 38,100 3.47 3.29

PIATE 10
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FLEt~A DAA FE DUD3O3MNEDIOL (DD), NACCOZATE 300,, AND
2,1 -TOLYLIM-DIISOCANATE' TESTD AT ROOM IN'EPATME

Ultimate Flexural

Spec. Moles Width Thick. Load Slenth I x 10-
No TVB U D 30 (in.) (i. (lbs.) (pl LC (psi) AvL.

1 1.0 1.5 0.5 o.464 0.105 156 91,800 1.18
2 0.1165 0.106 149 85,800 3.96
3 o.465 o.1o6 161 92,700 3.69
. 0.457 0.106 155 90,800 3.61
5 0.450 0.106 158 94,000 91,000 3.67 3.82

TBSTED AT 20007 AFTNR POSOR TO 200o7 FS 1/2 ROM

1 1.0 1.5 0.5 0.470 0.105 110 63,800 3.09
2 0.158 0.107 103 59,200 3,09
3 o.468 0.105 117 68,155 3.10
4 0.463 0.106 110 63,600 3.53
5 0.154 o.1o6 126 70,900 65,100 3.11 3.36

PLATE 11
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FLEXURAL TENST IN BENDING
VS. DIISOCYANATE CONCEWTATION
(2,04-TOLmLEN DIISOCYANATE)
(DIBORVoDBU'TE DIOL)

Room Temperature Tests

--- . Tested at 200*F After
Exposure to 200*F for
1/2 Hour

0

70-

N d

I

60--

1.0 1.1 1.2 .. 3

DIISOCYANAkTE CONCENTqRATION PtAT'E 14
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